Pre-steady-state kinetic analysis of the reactions of alternate substrates with dialkylglycine decarboxylase.
The pre-steady-state kinetics of the half-reactions of several substrates with dialkylglycine decarboxylase are examined by multiwavelength kinetics and global analysis. The substrates examined fall into two groups: those that exhibit simple, monophasic kinetics and those that exhibit biphasic kinetics. The rate of the AIB half-reaction is likely limited by the decarboxylation step based on the simple kinetics and spectra obtained from global analysis. The spectra for the first species in the transamination half-reactions of L-alanine and L-aminobutyrate show long-wavelength absorption characteristic of a carbanionic quinonoid intermediate. This demonstrates that formation of the external aldimine intermediates and abstraction of the C alpha protons from them are rapid. The reactions of the slower substrates L-phenylglycine and 1-aminocyclohexane-1-carboxylate may have external aldimine formation as the rate-determining step. The biphasic reactions of 2-methyl-2-aminomalonate, 1-aminocyclopentane-1-carboxylate, isopropylamine, and glycine all have external aldimine formation as the rapid observable step, based on the spectral changes observed in absorption and circular dichroism measurements. 2-Methyl-2-aminomalonate reacts approximately 10(4)-fold slower than does AIB with dialkylglycine decarboxylase, compared to approximately 10(5)-fold faster with coenzyme in solution. It is proposed that this radical reactivity reversal is due to a slow protein conformational change that is a prerequisite to decarboxylation of MAM, which occurs rapidly thereafter. Circular dichroism measurements on active site bound coenzyme provide evidence supporting this proposal. The binding of the noncovalent inhibitors pyruvate or lactate or the covalently binding inhibitor 1-aminocyclopropane-1-carboxylate all induce a slow change in coenzyme circular dichroism that quantitatively parallels the slow decarboxylation of 2-methyl-2-aminomalonate. Fast circular dichroism changes are seen in the mixing time of these measurements for both 1-aminocyclopropane-1-carboxylate and 2-methyl-2-aminomalonate, indicating rapid external aldimine formation on this longer time scale.